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COMPLETE SPECIFICATION. 



Chromising Ferroi 

We, Associated Chemical Companies 
Limited, a British Company of Beckwith 
Knowle, Harrogate, Yorkshire, England, do 
hereby declare the invention, for which we 
5 pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 
The present invention relates to the 
10 chromising of ferrous metal substrates. 

In the chromising of ferrous metal sub- 
strates a chromous halide vapour is pre- 
sented to the surface of the substrate at a 
high temperature. The chromous halide 
15 interacts with the iron of the substrate to 
yie^d chro:iiium metal and ferrous halide. 
The deposited chromium then diffuses into 
the surface of the substrate forming a 
chromium /iron alloy surface which is cor- 
20 rosion resistant. 

In one type of chromising process used 
hitiierto the article to be chromised is intro- 
duced into a furnace which is then purged of 
air by the passage therethrough of a non- 
25 oxidising gas and the temperature is raised 
to the operating tcmpcralure which is in ex- 
cess of 840OC and usually of the order of 
lOOO^C. Once the operating tempL-rature 
has been readied a hydrogen halide is in- 
30 corporaled into the gas stream passing 
through the furnace. The gases containing 
hydrogen halide arc then passed over a 
source of chromium, which may be sited 
either in a separate furnace or in the fur- 
35 nace containing the workpiece, to form the 
chromous halide required for chromising. In 
an alternative method it has been proposed 
to apply a compacted coating of chromium 
powder to the workpiece which is then 
40 placed in a furnace, heated to the operating 
temperature and chromised by maintaining 
at this temperature, optionally in the pre- 
[Prics 45. 6d,] 



5 Metal Substrates. 

sence of a hydrogen halide contained in the 
non-oxidising gas-stream which is again con- 
tinuously passed through the furnace. 45 

Another method for achieving chromising 
is to pack the workpiece in a powder mix- 
ture containing an ammonium halide and 
powdered chromium or an alloy thereof and 
to heat the loaded furnace to the operating 50 • 
temperature of at least 900°C. In this pro- 
cess the ammonium halide decomposes to 
yield a hydrogen halide which reacts with 
the chromium present to form the chromous 
halide required. It is usual to carry out this 55 
method of chromising in • a sealed furnace 
and not to pass a gas stream therethrough. 

In these methods the ferrous halide, 
which is liberated from the surface of the 
workpiece during chromising, vapourises 60 
and forms part of the furnace atmosphere. 
Where a non-oxidising gas is passed con- 
tinuously through the furnace substantially 
all of this ferrous halide is removed from 
the furnace. This represents a considerable 65 
loss of halogen from the svstem which might 
otherwise have taken part in the chromising 
process. In order to overcome this loss 
It has been customary in the commonly used 
proce:^ses to recycle the furnace off-gases 70 
over the source of chromium again. Where 
this is done the ferrous halide interacts with 
the chromium source to yield chicmous 
hahde which is used in the chromising pro- 
cess. However, the source of chromium 75 
gradually accumulates iron therein. As the 
proportion of iron increases the rate of pick 
up of chromium therefrom decreases. Since 
the surface of a chromised ferrous metal 
substrate normally contains 30—40% 80 
chromium metal, it follows that, when the 
chromium available on the surface of the 
source has dropped to this level, chromising 
ceases. In practice it is necessary to discard 
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the source before this stage is readied in 
order to secure an acceptable rate of 
chromising. Thus, such processes are com- 
promises between wastage of halogen and 
5 usage of chromium and whilst permitting a 
' more economic usage of halogen necessitate 
discarding a substantial proportion of the 
chromium employed. 
In the chromising process wherein the 

10 workpiece is packed with a powder con- 
taining ammonium halidc and chromium, 
substantially all the halogen fed to the fur- 
nace is utilised in the chromising process 
by reaction of the ferrous halidc formed 

15 with the chromium in the pack forming 
more chromous halide, which in turn reacts 
with the substrate surface producing more 
ferrous halide. The halogen is thus used 
repeatedly in the reactions involving transfer 

20 of chromium from the pack to the substrate 
and iron from the substrate to the pack. 
However, the chromium source again be- 
comes contaminated with iron. Therefore, 
in order to secure satisfactory chromising it 

25 is necessary to use an excess of chromium, 
this excess being removed with the 
powdered packing at the end of the process. 

According to the present invention a 
chromium coated substrate is heated in a 

30 furnace through which is passed a stream of 
a non-oxidismg gas containing a hydrogen 
halide to a temperature of the order of 
600°C. which is below that at which 
chromising takes place. After the halogen 

35 required for the chromising process has been 
fixed on to the surface of the substrate, the 
gas flow is stopped. The substrate is sub- 
sequently heated to the temperature at which 
chromising takes place. We find that by 

40 using this procedure substantially all the 
halogen and chromium fed to the furnace 
are utilised in the chromising process. The 
process of the invention also has the im- 
portant result that it makes it possible 'to 

45 carry out chromising at temperatures of 
the order of 800^C which are substantially 
lower than the temperature hitherto neces- 
sary. 

Accordingly, the present invention pro- 
50 vides a process for the chromising of fer- 
rous metal substrates which comprises : 

1. applying porou s adherent, matipg 
which contains chromium and optionally 
other metals al; well t6"a ferrous metal 

55 substrate; 

2. heatingjhe coated substrate in a stream 
of a non-oxidising gas containing ^aJiV; 
drogen halide to a temperature whicH 
is'^ utli that t he hydrogen halide reacts 

60 with the surface of the coated substrate 
and yet is below that at which any ap- 
preciable amounts of the resultant metal 
halides would be removed therefrom by 
evaporation; and 



3. subsequently stopping the flow of gas 65 
and heating the coated substrate to a 
temperature of at least 750°C for sutli- 
cient time to cause a coating of the de- 
sired thickness and composition to be 
formed. 7q 

We believe that the mechanism by which 
this process enables effective chromising to 
be achieved using substantially all the 
chromium in forming the coating and the 
minimum amount of halogen is as follows. 75 
During the period when the hydrogen halide 
is introduced into the furnace, this is fixed 
on the substrate surface as a mixture of 
chromous and ferrous halides. On raising 
the temperature some or all of these halides 80 
vapourisc. The chromous halide reacts with 
exposed ferrous metal, chromising the fer- 
rous metal and forming ferrous halide. The 
ferrous halide reacts with the chromium rich 
layer depositing iron in this layer and form- 85 
ing more chromous halide. Thus, the 
halogen is used repeatedly in the chromising 
process, as in the known pack process. How- 
. ever, since the source of chromium is 
already bonded to the substrate surface, the 90 
iron deposited in the chromium is not 
wasted, as in the pack process and those 
processes in which ferrous chloride is re- 
moved from the furnace, but forms an in- 
tegral part of the final alloy layer on the 95 
substrate surface. The chemical 'ferrising' 
of the original chromium layer in the pro- 
cess of this invention aids the thermal fer- 
rising which is also taking place in the 
chromising operation, since it leads to more 100 
rapid formation of the chromium/iron alloy 
layer. If our belief as to the mechanism of 
the process is true, it is this factor which 
enables the process to operate at a lower 
temperature than the known processes. The 105 
role of ferrous chloride in brmging about 
chemical ferrising has not hitherto been ap- 
preciated and in the known processes where 
a non-oxidising gas is continuously passed 
through the furnace during chromising, suchMlO 
chemical ferrising is not possible and the 
advantages of the process of this invention 
cannot be realised. 

In carrying out the invention, the ferrous 
metal substrate is first degreased and pickled 115 
and is then coated with a chromium-contain- 
ing coating. The substrate may be mild 
steel, stainless steel or high carbon steel and 
may be in the form of shaped articles or, 
alternatively, in the form of sheet or strip 120 
material. The coating is one which contains 
chromium in a form which is capable of 
reacting with the halogen content of the 
vapour present in the furnace in stage 2 of 
the process. It may be in the form of 125 
chromium metal or an alloy thereof, for 
example fei^^cbsgp^' The" coating~may " 
also contain oTher^etals which it is desired 
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to incorporate in the coating of the sub- 
strate, for example nickel and aluminium. 

The term adherent is used herein to mean 
that the coating must be sufficiently adherent 

5 to the surface of the ferrous metal substrate 
to enable it to be handled during transfer 
from the coating operation to the furnace, 
or, in the case of steel strip, to permit the 
strip to be coiled without the coating be- 

10 coming detached. The chromium-contain- 
ing coating may be deposited upon the sur- 
face of the substrate by any of the well 
known methods. vSuch methods include 

■ electrolytic deposition of chromium from 

15 conventional chromium plating solutions, 
plasma or flame spraying of a chromium 
containing powder or wire and the com- 
paction by a rolling technique of a 
chromium containing powder previously 

20 distributed over the surface of the ferrous 

metal. , . , • • 

The amount of chromium which is in- 
itially applied in the coating of the sub- 
strates depends upon the final use to which 
25 the treated substrate is to be put and the 
properties desired for such an end use. For 
example, where mild steel is being 
chromiscd to produce a corrosion resistant 
coating, it is usual to provide a chromium/ 
30 iron alloy layer on the surface of the mild 
steel which is '0.002 to 0.003 inches thick. 
In applications where the mild steel is to be 
drawn or formed after chromising, it is de- 
sirable that the coating should not* have too 
35 high a chromium content. For such ap- 
plications a layer containing approximately 
30% chromium is desirable. To obtain such 
a layer 0.002—0.003 ins. thick an initial 
coating must be applied to the substrate at a 
40 rate of from 1 1 to 17 grammes of chromium 
per sq. ft. of the surface of the substrate. 
However, as indicated earlier, the initial 
coating of the substrate must be porous in 
order to permit diffusion of the chromous 
45 and ferrous halide vapours therethrough. 
The porosity depends to a large extent upon 
the thickness of the coating and the method 
by which it is applied to the substrate.. Thus, 
if the chromium is electrolytically deposited 
50 upon the substrate the maximum thickness 
which may be deposited without serious loss 
of porosity is of the order of O.OOl inches. 
Where the chromium is applied as a povv'der 
of size 200 mesh BS and this powder is 
55 compacted upon the substrate by a roiling 
operation, the coating may be up to 0.003 
inches thick. Thus, where a particular rate 
of deposition of chromium on the surface 
of the substrate is required, the method used 
60 to achieve this coating is determined by 
whether or not the particular method pro- 
duces a coating which is porous enough to 
'facilitate diffusion of the chromous and fer- 
rous halides therethrough. However, we 
^' 65 have found that, in general; the application 
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of a coating which is from 0.0001 to 0.001 
inches thick provides a satisfactory result 
with a variety of coating methods. 

The coated substrate is then subjected 
to a first heating stage (stage 2) in a furnace 
having a non-oxidising atmosphere contain- 
ing a hydrogen halide. In order to obtain 
the non-oxidising atmosphere, it is preferred 
to purge the furnace of oxygen before com- 
mencing the heating operation by passing 
therethrough a non-oxidising gas. The non- 
oxidising gas may be hydrogen, argon or 
other inert gases. The hydrogen halide 
may be introduced into the furnace atmo- 
sphere either directly as the anhydrous 
gaseous acid or by passing the non-oxidising 
component of the atmosphere through an 
aqueous solution of the acid and sub- 
sequently drying the gas before it enters the 
furnace. Alternatively the halogen may be 
introduced with hydrogen into the furnace. 
The hydrogen halide may on the other hand 
be generated by a compound which dis- 
sociates on heating to form a hydrogen 
halide. For example, there may be in- 
cluded in the furnace charge an ammonium 
or other halide which decomposes on heat- 
ing to give the hydrogen halide. It is pre- 
ferred that the hydrogen halide employed 
be hydrogen chloride or hydrogen bromide. 

The temperature at which the first heating 
stage is carried out. as indicated above, is 
that at whioh reaction between hydrogen 
halide and the chromium and /or exposed 
iron on the surface of the substrate would 100 
occur but below that at which any ap- 
preciable amount of the halides formed 
would be removed therefrom by evapora- 
tion. In practice we have found that this 
temperature lies within the range 400^ to 105 
700^C. preferably at about 600°C. The 
furnace is maintained at this temperature 
while the passage of non-oxidising gas is 
continued with the addition of a hydrogen 
halide. The amount of hydrogen halide in 110 
the gas stream and the rate of passing of the 
gas stream through the furnace are prefer- 
ably adjusted so that there is little or no 
hydrogen in the furnace off -gases. 

The incorporation of hydrogen halide in 115 
the furnace atmosphere is continued until 
sufficient halogen has been fixed on the sur- 
face of the substrate to ensure that a satis- 
factory speed of chromising in the stage 3 
of the process of the invention is achieved. 120 
The amount of hydrogen halide incorporated 
will generally vary from about 30% to 60% 
preferably 50 to 60% of the theoretical 
amount of hydrogen halide required to re- 
act with all the chromium in the coating. 125 

When the desired amount of halogen has 
been introduced into the furnace, the flow 
of gases therethrough is stopped, preferably 
in such a manner that the furnace remain 
under a slight positive pressure in order- 16^130 



V mininiise the possibility of . leakage in of 

aifi^^^^ of the 

chromium or the \ chroraous :% and ' ferrous 
•halides; ' . . %.^r'yy..--./A-yy.- 
' In stage 3 of the process the temperature 
of the furnace is raised to a temperature at 
which chromising occurs, This temperature 
vis in excess of 750^C and is^ preferably at 
Ifeast 800^C. Although there is no set upper 
limit at which chromising may occur, in 
practice the upper limit is set by the nature 
pfv the' chromium coating applied to the 
substrate and the nature of the substrate 
itseU. The temperature at which chromising 
takes place should not be sufficiently high to 
cause distortion of the substrate and /or 
coating, or to cause appreciable damage by 
overheating. We have found that chromising 
within the temperature region of from 800 
to 1000°C usually provides a satisfactory 
resuh. Heating at this raised temperature is 
continued for as long a period as is required 
to alloy all the chromium in the coating with 
the ferrous metal surface! This period may 
be from 4 to 70 hours and decreases with 
increasing temperature. The composition 
and thickness of the chromium iron alloy 
in the surface of the substrate may be varied 
by controlling the temperature and /or time 
of chromising. Thus, a corrosion resistant 
coating on mild steel having a thickness of 
0.002 to 0.003 inches and containing ap- 
proximately 30% chromium may be 
achieved by carrying out the chromising 
at 800°C for a period of about 36 hours. 
Alternatively, coatings containing 80 to 90% 
chromium and ohiy 0.0005 inches thick may 
be obtained by carrying out the chromising 
at 750°C for approximately 36 hours. 

When the chromising has been completed 
to the desired extent, the reisidual halogen 
compounds in the furnace atmosphere may 
be removed from the furnace by purging 
with a non-oxidising gas before the furnace 
is cooled. Alternatively the furnace may be 
allowed to cool and the residual halides 
rembved from the surface of the treated sub- 
strate by washing, for example with 
water. ; : The . treated substrate . possesses 
a chromium/iron. : a^^^ whose 
depth and chrpmiurii content will ; vary 
with the chromising conditions em- 
ployed. This coating is insoluble in boiling 
50% nitric acid- Where surface coatings 
containing a high proportion of chromium 
have been obtained, such coatings have a 
bright appearance, particularly when the in- 
itial chromium coating of the substrate has 
been obtained by electro-deposition. 

The invention will now be illustrated by 
the following examples. 

Example 1 - : - 

20 gauge 0.2% carbon steel sheet is de- 
greased by immersion in an alkaline cleaner 



and IS then treated anodically in so^T^j'-^ A 
phuric acid ior 30 seconds at a Sr'"': 
density . of 400 A./sw.ft. The sheet i. t ''"^ 
i^rte^ in.Q n^t^UVoLA «u.^_r ^"^.ei is trans, ^ 
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ferred tp a.catalysed chromic acid chrhm'?"' 
platmg bath and a current of 300 A /?n fl""' 
passed until a layer of chromium O CKxiv' '' 
thick has been deposited. The coai K 
is washed and dri?d and loX 
able furnace The furnace is 
hydrogen and Heated to, 600^0 A mr,wt 
of chlorine equivalem 
theoretically required to react with h 
chromium in the coating is iniccf-rl in? 
the hydrogen purge, over a p S^l or 
hour^ Tlie flow of gases is E ' o^L,^ 
and the . furnace, is heated to SOO^C In 
maintained at this temperature for % iVnu, 
After cooling, the sheet is removed froi i 
the furnace. The surfaces are silver:' * 
in colour and are resistant to corrosioif h> 
water, aqueous sodium chloride, aqueous 
nitric acid, etc., even after bendin" ci/ 
Removal of a portion of the coaliiu^ hv 
tiling and . treatment with 50% aqiPYvK • 
mtnc acid- to dissolve the steel core Vc' ' 
l^a}^^,^''^''^}'^^ insoluble in nitric acid of 
0.0009 in. thickness. Analysis of ilic cone 
ing after dissolution in hydrochloric add 
shov/s an iron content of 71%. ' . 

. Example ^- ■ ■ ■■ ^ :, 

; 0.2% carbon steel sheet is pickllxl- and 4^ 
degreased as in Example 1 and plated with ^ 
chromium 0.0012 in. thick. The siiect 'i^ 
then heat treated as in Example 1 for 
hours.' A chromised coating 0.0021 in :, 
thick, containing 52% Fe js obtained. .](Vr 

.Example 3';- 

20 gauge 0.2%^ carbon steel sheet, i^'do,^ " 'v 
greased and pickled as in Example I and - 
plated with chromiub 0.0004 in. thick : Th^^^^ . 
sheet is then heat treated as in Example . I iOf . 
except that the final stage of the heat . 
treatment is one of 36 hours duratioii in ^ v 
750°C. A chromised coating 0.00G4 in. .thick • 
containing 12.7% iron is obtained. 

Exa-mple"4 " ' ^ ■'- : ■ r--. ■.■liQ'' 
20 gauge 0.2% carbon steel sheet, is dc- - \ 
greased, pickled and plated with O.OOtJiV in,; ; 
chromium. Portions of the sheet are 
chromised. using 33% and 47%' respectively 
of the theoretical quantity of liydrogcn 1 
chloride required to; react with /tlur 
chromium. The final stage of the heat trcal- 
ment is one of 36 hours duration at SOO'-t.'. 
Coatings of thickness .of approximately . ; . 
0.0003 in. containing 3,3% and 10% iron i:^ 
respectively are obtained. 

Example 5 

20 gauge 0.2% carbon stisel. sheet, is - 
greased electrolytically in an alkaline clearer 
and pickled in -10% .v/v nitric acid for 10 f^ "' 
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seconds chromium metal powder (200 BS 
mesh) is applied to the surface at the rate 
of 16.5 g/sq. foot and this is compacted on 
to the surface by passing the sheet between 

5 rolls. The strip is then chromised as in 
Example 1. On removmg the sheet from 
the furnace it is found that a chromised 
coating 0.0034 in. thick containing 62% iron 
has been formed. 

10 A similar sample of steel coated with 
31.8 g /sq.ft. chromium powder which is 
subsequently compacted by rolling, and then 
the coated sheet chromised under identical 
conditions, gives a chromised coat 0.003 in. 

15 thick containing 16% iron. 

Example 6 

20 gauge 0.2% carbon steel sheet is 
cleaned and pickled as in Example 5. A 
quantity of 200 mesh BS chromium powder 

20 is applied to the surface of the strip suffi- 
cient to give a coating after compacting by 
passing the strip between rolls of 0.00045 in. 
thickness. The steel sheet is then loaded 
into the furnace and after purging and heat- 

25 ing to 600°C a quantity of bromine equi- 
valent to 80% of that required to react with 
all the chromium is injected with hydrogen 
into the furnace. The flow of gases is then 
stopped and heat treatment is carried out 

30 at 800°C for 36 hours. A chromised coat- 
ing 0.0008 in. thick containing 59% iron is 
obtained. 

Example 7 

0.8% carbon steel sheet is degreased and 
35 pickled as in Example T and plated with 
chromium to a thickness of 0.00015 in. The 
sheet is then chromised as in Example 1. A 
chromised coating 0.00043 in. thick contain- 
ing 61.2% iron is formed. 

40 Example 8 

18/8 stainless steel sheet is degreased and 
pickled, palted with chromium to a thick- 
ness of 0.0003 in., and chromised as in Ex- 
• ample 1. On removing the chromised slain- 

45 less steel from the furnace it is found that 
enhanced resistance to high temperature 
oxidation has been obtained. On subject- 
ing pieces of the original stainless steel, the 
chromium plated stainless steel and the 

50 chromised stainless steel to air at 800°C for 
7 hours, the samples showed weight gains 
of 0.38, 0.04 and 0.00 g. per sq.ft. of sur- 
face respectively. 

WHAT WE CLAIM IS: — 
55 1. A process for the chromising of fer- 
rous metal substrates which comprises : 

1. applying a porous adherent chromium- 
containing coating which contains 
'"l:hromium and optionally other metals 
60 as well to a ferrous metal substrate; 



heating the coated substrate in a stream 
of a non-oxidising gas containing a hy- 
drogen halide to a temperature which is 
such that the hydrogen halide reacts with 
the surface of the coated substrate and 
yet is below that at which any ap- 
preciable amounts of the resultant metal 
halides would be removed therefrom by 
evaporation; and 

subsequently stopping the flow of gas 
and heating the coated substrate to a 
temperature of at least 750°C for suffi- 
cient time to cause the coating of the 
desired thickness and composition to be 
formed. 
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2. A process according to Claim 1 
wherein the non-oxidising gas is hydrogen or 
an inert gas. 

3. A process accordmg to either of 
Claims 1 and 2 wherein the coated sub- 80 
strate is heated in a stream of a non-oxidis- 
ing gas containing a hydrogen halide to a 
temperature of from 400 to 700°C. 

4. A process according to Claim 3 
wherein the temperature is about 600°C. 85 

5. A process according to any of the 
preceding claims wherein the hydrogen 
halide is hydrogen chloride or a precursor 
thereof. 

6. A process according to any of the 90 
preceding claims wherein the amount of hy- 
drogen halide fed to the furnace is from 30 

to 60% of the theoretical amount required 
to react with all the chromium in the coat- 
ing on the substrate. 95 

7. A process according to Claim 6 
wherein the amount of hydrogen halide is 
from 50 to 60% of the theoretical amount. 

8. A process according to any of the 
preceding claims wherein the chromising is 100 
carried out at a temperature of from 800^C 

to 1000°C. 

9. A process according to any of claims 
1 to 8 wherein the porous adherent 
chromium-containing coating is applied to 105 
the ferrous metal substrate by electrolysis 
and is up to 0.001 inches thick. 

10. A process according to any of claims 
1 to 7 wherein the chromium-containing 
coating is applied to the substrate by apply- 110 
ing a chromium or chromium alloy powder 

to the. surface of the ferrous metal substrate 
and subsequently compacting this powder 
upon the substrate by means of a rolling 
technique. ' ^ 115 

11. A process according to claim 10 
wherein the chromium powder applied to 
the substrate has a particle size of 75 
microns or less and the coating is up to 
0.003 inches thick, 120 

12. A process according to any of the 
preceding claims wherein the substrate is in 
the form of sheet or strip, material. - ^ 

13. A process according to any of the 
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preceding claims wherein the chromium- 
containing coating of the substrate also con- 
tains nickel or aluminium. 

14. A process for the chromising of 
ferrous metal substrates substantially as 
hereinbefore described in the Examples. 

15. Ferrous metal substrates whenever 



chromised by a process as claimed m 
claims 1 to 14. 

Agents for the Applicants 
G. A. BLOXAM. ' 
Chartered Patent Agents 
1 Knightsbridge Green ' 
London, S.W.I. 
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